Measuring the Pressure Inside a Sealed Burner : A closer look into the LabVIEW-environment and spectrometry by Luttinen, Timo
  
Timo Luttinen 
 
MEASURING THE PRESSURE INSIDE A SEALED BURNER 
A closer look into the LabVIEW-environment and spectrometry 
  
MEASURING THE PRESSURE INSIDE A 
SEALED BURNER 
Timo Luttinen 
Bachelor’s thesis 
Autumn 2011 
Automation Engineering 
Oulu University of Applied Sciences 
 
 3 
OULU UNIVERSITY OF APPLIED SCIENCES ABSTRACT 
Degree programme  Thesis  Pages + Appendices 
Automation Engineering  B.Sc.  40 + 2 
Line  Date 
Option of Project Engineering  November 17th, 2011 
Commissioned by  Author 
Philips Innovations N.V.  Timo Luttinen 
Thesis title 
Measuring the Pressure Inside a Sealed Burner 
Keywords 
analysis, spectroscopy, spectrometry, spectrum 
 
A process in Philips Lighting Turnhout uses a LabVIEW based application to 
measure and calculate the pressure inside a sealed projector burner. The 
mentioned application had become outdated, so a new application, based on a 
newer environment and standardized Philips' LabVIEW-template, was desired. 
Some additional features were also needed. 
The project was divided into two sections due to the limited time dedicated for 
the bachelor's thesis, and this thesis describes one half of the project. To track 
the progression of the project, the usage of time was carefully planned and 
updated daily. Meetings with the stakeholders of the project were held weekly. 
In practice most of the work revolved around coding in LabVIEW and trying to 
manage the resources to provide for tests, hardware etc. 
The deadlines were met and the project was finished on time, although 
additional tests were needed to find the correlations and deviations between the 
measurements in the old and new software. As of writing this abstract, the new 
application is running non-stop on all three different production lines. 
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ABBREVIATIONS USED IN THE THESIS 
DFM Data Flow Manager  15 
DPL Digital Projection Lighting  6 
FS Functional Specification  16 
GTD Global Technology Development  13 
GUI Graphical User Interface  15 
Hg Mercury, a chemical element, atomic number 80  11 
IOS Input/Output Server  15 
LabVIEW Laboratory Virtual Instrument Engineering Workbench  13 
lm Lumen (SI derived unit)  9 
PHg Pressure of the Mercury Vapor  16 
PLC Programmable Logic Controller  8 
RS-232 Recommended Standard 232, serial data communications  15 
TFS Transformation Server  15 
UHP Ultra High Pressure/Performance  6 
US User Specification  16 
W Watt (SI derived unit, W = V*A)  9 
VI Virtual Instrument  13 
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1 INTRODUCTION 
The DPL (Digital Projection Lighting) department of Philips Lighting Turnhout 
is concentrated on working with UHP (Ultra High Pressure/Performance) 
burners, which are widely used in common digital projectors and rear-
projection television sets. As the name suggests, the working pressure of the 
said burners is at a high level, usually at around 200…250 bars (1).  
As the pressure rises, the luminosity of a burner increases exponentially. 
Thus, it is an important factor to measure when dealing with the projector 
burners, which depend much on the luminosity to project a clear image on a 
surface. Philips has researched this area of measuring extensively and now, 
with this kind of burners, relies on spectrophotometry. It is rather an 
affordable method and provides Philips with reasonably reliable, accurate 
and fast results (2). The spectra are analyzed with specific algorithms, the 
results are monitored and then the defect lamps are discarded. 
The current application Philips DPL uses for measuring the pressure has 
been under development for around 10 years (3). It is based on an old 
software environment and has become, due to the extent of the application, 
near impossible to debug or to improve and it also reports a few specific 
cases of lamps being defect while they in reality are perfectly good. The 
production cost of the burners is high, and unnecessarily discarded burners 
are apparently something that is not desired. 
The difference between an application built on a template and a freely 
developed application is overwhelming. Getting to understand the flow of the 
template takes a little time and might seem quite complex at the beginning. 
Still, it is nothing compared to the mind numbing size and structure of an 
application which has been under development, without a logical template, 
for a decade. Furthermore, it still contains methods from the first results of 
the research done for accomplishing a certain kind of measurement. 
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These are some of the main reasons for Philips to justify this assignment. 
The improvement of the original application became very time consuming 
due to the size and flow of it, and improvements were required to correct 
some cases of unnecessarily failed measurements. 
Due to the nature of the old application it had become expensive for Philips 
to alter it. While the application itself ran reliably, the features this project had 
as a goal would have been much too time consuming to implement. Also, 
since the LabVIEW template built by Philips is familiar to the software 
department, fixing bugs is much easier. 
An improved measuring algorithm was needed to measure certain types of 
spectra correctly. The algorithm used in the old application would give 
erroneous results, or no results at all, for spectra, which had too large an 
extra peak at 546,1 nanometers (4). Erroneous or absent results are 
considered to mean defect burners. 
Researching the reasons causing the defect burners was not very easy 
either. The old application had very little support for logging or bug diagnosis. 
This problem was bypassed by taking screenshots of the results measured 
by the application and then trying to study those. A proper logging was one 
of the main requirements for the application made in this project. It was 
already implemented in a default way in the Philips’ LabVIEW template, but 
had to be modified to satisfy the needs of the customer. 
The old application had a password dialog for editing the settings file and the 
editing was done in a basic text editor within the application. This did not 
prevent the end users from modifying the settings outside the application. 
Such editing had to be restricted leaving the modifying of the settings files to 
quality engineers. By using checksum-controlled settings files the application 
could be prevented from launching. 
The objective of this project was to develop a non-stop, robust, improvable 
and reliable application for measuring the pressure inside a sealed burner 
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using spectrophotometry and the LabVIEW template built by Philips as a 
basis. Designing the actual algorithm for measuring the pressure was not in 
the scope of the project, but the additional features, documentation and the 
training of the quality engineers and operators were. 
Philips estimated the project to be large enough to employ two automation 
engineering students, without much prior experience in the programming 
environment used, for from three to four months, full time. To comply with the 
rules of the School of Engineering regarding the theses, the project had to be 
split into two distinct parts so that two individual theses could be made. Still, 
the premises and the ultimate objectives of the projects were equal. Much of 
the work was done in direct communication with the other student, whose 
main areas of work were implementing the PLC (Programmable Logic 
Controller) communication (serial port and digital I/O) and voltage measuring 
with a new multimeter.  
The other part of the project, which this thesis covers, was concentrated 
more on implementing the actual algorithm for measuring the spectra and to 
develop some wanted features, for example the protection of critical files with 
checksums and easy-to-read log files with the needed variables. Many of the 
features the customer at Philips requested were already developed, in some 
way, in the new Philips’ template, which was used as a basis. They still 
needed major revising, or even full redeveloping, to make the resulting 
application as simple and efficient as possible and with the details the 
customer wanted. 
The interface of the application came along while developing the code. The 
main divisions of the display are defined in the template, but care was taken 
to try to maintain the simplicity of the interface. Operators should not be 
required to read a manual to start the automatic measuring or to review the 
results while the application is running in an automatic mode. 
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2 THEORETICAL BACKGROUND 
The reasons for using the mercury-based Ultra High Pressure burners are 
reviewed in this section. The quickly advancing LED technology might be a 
competitor somewhere in the future, but currently there still are a few points 
to be considered. 
2.1 UHP-lamps 
Projectors used in home theaters are usually operated in comparatively dim 
lighting, at least compared to usual usage in conference or class rooms, but 
both cases desire an even, small and bright source of light with a long 
lifetime and relatively low consumption of power. Today the UHP and LED 
lamps are the only ones to meet these requirements in projectors. (5.) 
Projectors rely on the characteristics of an ellipse. Putting a light source in 
one focus of an ellipse reflects the beams that hit it to the other focus of the 
ellipse. This is important since more light to the second focus point, or the 
lens, means more light to the screen. In addition, the smaller the light source 
is, the smaller amount of light is radiated away from the focus, keeping the 
casing of the projector cooler and causing less distracting light leaks on top 
of other unpreferred properties. (6.) 
This is where the UHP burners come in. They have a small arc gap, from 1,0 
mm to 1,3 mm (7), compared to over 2 mm in the metal halide burners used 
earlier. The lighting efficiency can be greater in a 100 W UHP burner than in 
a 250 W metal halide burner. (6.) 
2.2 Luminous efficacy 
Living the ecological times that we are, it is crucial to get as much results as 
possible for every kilowatt-hour used. Lumen is a measure of the power of 
light perceived by the human eye (8) and thus the luminous efficacy, or 
lumens per watt (lm/W), is a good measure for comparing lamps. Philips 
UHP 120 W lamp has a luminous efficacy of 58 lm/W (9), which, by the 
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value, compares to lower efficacies of LEDs (10), but has the small light 
source, defined by the short arc length of 1,0 mm (9), on its advantage. 
LED projectors are slowly becoming more and more popular for their 
portability, extremely long lifetime and low consumption of power. However 
their output of 1000 lumens (11) is not adequate for every situation (12). 
Modern UHP projectors can output up to 9 000 lm (with a 150 W lamp) (13), 
while 3000 lm should be enough for all usual home and business usage even 
in daylight (12). 
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3 METHODS OF MEASURING 
Spectrum analysis is the Philips' current way of measuring the pressure 
inside a burner in a continuous process. The analysis relies on information 
gathered using other methods, of which the X-ray-diagnostics is a reliable 
way and as such it is also discussed here. 
3.1 Spectrum analysis 
During many years of research Philips found a correlation between the Hg 
(mercury, a chemical element) peak shape of the spectrum of a burner, 
voltage, power, pressure and arc gap (2). The spectrum can be acquired with 
a spectrometer, voltage and power with a multimeter, but the pressure is 
somewhat more difficult one to measure inside a sealed burner. The arc gap 
could be measured using machine vision or x-ray, but nevertheless it is also 
a result of this method explained here. 
The correlating attribute of the mercury peak is called, at least at Philips, the 
effective half width or, as simplified, the peak width. The first term is more 
precise, since the width is measured on the half height of the peak. (Figure 
1.) The actual algorithm needed to calculate the width is more complicated 
since the spectrum varies between different kinds of products, variables, 
settings of the spectrometer and with the smallest changes in the housing of 
a burner. The data acquired from the camera is discrete, but it must be 
handled like a continuous function. The algorithm is explained in detail in the 
implementation section of the thesis. 
The power is dependent on the product type being produced, the voltage is 
measured by a multimeter, and the spectrum analysis results in the effective 
half width of the Hg peak. Using these variables the pressure and arc gap 
can be calculated. 
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FIGURE 1. Schematic representation of the definition of the “effective half 
width” (2) 
3.2 X-ray diagnostics 
While researching the ways of calculating the pressure inside a burner X-ray 
was used to confirm the results from the spectrum analysis and voltage 
measuring. The arc gap is usually measured in cold lamps. Spectrum 
analysis has to be done on a burning lamp, thus affecting the arc gap 
through thermal expansion. The lamps heat up to an average of 2000 K 
while burning, and knowing the free length of electrodes, the thermal 
expansion can be calculated. (2.) 
This allows the correction of the arc gap values calculated with the spectrum 
analysis, and the results vary much less than the scatter in the arc gap 
length itself. Because of these properties the spectrum analysis can be 
considered a faster, more reliable and far less expensive method than X-ray 
diagnostics. (2.) 
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4 INSTRUMENTS & TOOLS 
Philips provided the tools for the project, of which the most important ones 
were the LabVIEW license, the meters and the LabVIEW template Philips 
uses. The offline and simulated online testing facilities were also used 
extensively. 
4.1 LabVIEW, the visual programming language 
LabVIEW (Laboratory Virtual Instrument Engineering Workbench) is a 
graphical programming language that uses icons instead of lines of text to 
create applications. In contrast to the text-based programming languages, 
where instructions determine the order of program execution, LabVIEW uses 
dataflow programming. The flow of data through the nodes on the block 
diagram determines the execution order of the Virtual Instruments (VIs) and 
functions. VIs are LabVIEW programs that imitate physical instruments. (14.) 
GTD (Global Technology Development) Mechanization within Philips Lighting 
chose LabVIEW because of its support for rapid prototyping and 
development, presence of operational GUI template and ease of software 
maintenance. GTD’s former experience with a certain machine vision 
software compatible with LabVIEW was an argument, but it is no longer 
supported by Philips Applied Technologies. For measurement applications 
National Instruments provides various data acquisition modules. (15.) 
In LabVIEW, one builds a user interface by using a set of tools and objects. 
The user interface is known as the front panel. After building the front panel, 
code is added by using graphical representations of functions to control the 
front panel objects. One adds this graphical code, also known as G-code or 
block diagram code, to the block diagram. In some ways, the block diagram 
resembles a flowchart. (14.) 
In contrast to the aforementioned ways of developing the application, the 
approach taken in this project was to concentrate on the block diagram 
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(Figure 2). The front panel (Figure 3), that is the user interface, was built “on 
the side” and when required to test the application. This seemed like a more 
intuitive way, even though it actually is closer to the theory and the very 
fundamentals of any LabVIEW application. 
 
FIGURE 2. A simple example of a block diagram in LabVIEW 
 
 
FIGURE 3. The front panel of the block diagram (Figure 2) in LabVIEW 
4.2 Spectro- and multimeter 
The Acton Standard Series spectrometers were used in both offline and 
online testing. During the development of the application, the algorithm for 
finding the effective half width was tested with an Acton SpectraPro-300i 
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spectrometer and some basic UHP burners. Acton SpectraPro-2300i is used 
on the production line. They both have a scan range of 0…1400 nm and a 
resolution of ~0,1 nm. (16; 17.) 
For measuring the voltage of the burner, a new Fluke 8080A was installed. It 
supports communication through RS-232 and has a range of 0,200…750  
VAC and 0,020…10 AAC. (18.) 
4.3 Philips’ LabVIEW-template 
The reasons why Philips started to use a standard template instead of 
building every application individually lie on cost reductions. While the 
development of such a template requires quite an effort, it also offers many 
advantages, such as re-use of structural architecture elements (for example 
GUI [Graphical User Interface], logging, interfacing and error handling) and 
faster development and deployment of applications. The knowledge transfer 
becomes less troublesome since the structure of different applications is 
similar. The template even enables the easy promotion of new developments 
to standard modules. (15.) 
A quick summary of the template might be in place. Data flow managers 
(DFM) are in the center of everything. They pass information to and from the 
Input/Output servers (IOSs) and transformation servers (TFSs). I/O servers 
handle the inputs and outputs (for example displays, human interface 
devices, meters, communication). Transformation servers are called when 
some information needs processing. 
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5 DESIGNING PROCESS 
Usually the designing processes of this kinds of projects start with the user 
specifications and lead to the functional specifications. The latter are used as 
references for the whole duration of the projects. This was the case in this 
project as well. 
5.1 User specification 
The user specification (US) was made by Calibration Specialist Chris Dries, 
the client at Philips. Original specification was written in Dutch (see Appendix 
1). 
Many topics for discussing arose while getting familiarized with the 
specification. Ordinarily, US’s describe the needs and wishes of the client 
without going too deep in the technical details. This is one of the major 
obstacles in scheduling and designing a project if the software used is new 
for the developer and if the theory behind the measuring becomes complex.  
5.2 Functional specification 
The purpose of the functional specification (FS) is to get to a written 
agreement between the client and the provider. Some parts of the US might 
not be affordable due to a large amount of hours needed for developing and 
some parts need some more defining to be detailed enough. Details are 
important in the FS, since one of the goals is to get a signed document, 
which describes all the deliverables so that both the provider and the client 
can unanimously agree when a certain part of the project has been 
completed. (19.) 
Based on the user specification, a short experience with the Philips’ 
LabVIEW-template and studying the old PHg-measuring application the 
functional specification was produced. Writing the FS took a considerable 
amount of time, and against the usually advisable ways of project planning, 
the implementation was already started while designing the FS. In this case it 
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was necessary for accomplishing a functional specification which would be 
even near to what could be the end result. During the development the FS 
was – in cooperation with the client – modified to accommodate new and 
cleverer ways of achieving certain results, for example the algorithm and the 
checksum protection. The latest modified FS is seen in Appendix 2. 
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6 IMPLEMENTATION 
In this section the method of calculating the pressure inside the burners is 
explained. As discussed earlier in the thesis, it is based on the "effective half 
width of the PHg peak". In addition, the ways of implementing the additional 
features desired by Philips are examined. 
6.1 Algorithm for calculating the pressure and arc gap 
The width of the Hg-peak of the spectrum at half height of the peak is 
calculated by the LabVIEW function TFS_PeakWidth.vi. Using the width of 
the peak it is possible to calculate the resulting mercury pressure and arc 
gap, using the function TFS_Calc_pHg_and_electr_dist.vi. The algorithm 
uses a variety of user-defined settings to accomplish this in the needed 
accuracy: 
 
 boundary wavelengths for the Hg-peak 
 a wavelength to the right (longer wavelengths) of the 546,1 nm side-
peak, from where the application starts looking for the actual 
maximum of the peak 
 number of samples for calculating the average intensities at the top of 
the peak 
 number of samples for fitting the polynomials at 
o base of the peak 
o sides of the peak to find the width 
The algorithm used is roughly based on the old LabVIEW 7.1 –application. 
The actual calculations, which result in the value of pressure and arc gap, 
have been researched earlier by Philips (2). 
The algorithm for finding the width of the peak at half height is presented on 
the oncoming pages. Figure 4 is the overview of the front panel of the 
TFS_PeakWidth.vi. 
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FIGURE 4. Overview. The front panel of the TFS Peak Width.vi 
The first step of the algorithm is to discard the excess spectrum, since only 
the mercury peak is of interest in this case. The user-defined and product 
type specific settings [SA Start Pos (nm) and SA End Pos (nm)] are used to 
accomplish this. In Figure 5 the defined area is highlighted. 
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FIGURE 5. Finding the boundaries of the Hg peak 
Next, the spectrum is leveled so that the first and the last points of the 
highlighted area are located at y = 0. Figure 6 presents the spectrum before 
rotating (white), a line from the first to the last point and the resulting, rotated, 
spectrum, which is in green. 
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FIGURE 6. Rotating the peak so that both boundaries are at the same level 
The next step is to find the maximum of the peak to divide the spectrum into 
two parts. The global minimum is then calculated for both of the parts. 
(Figure 7.) 
 
FIGURE 7. Finding the global minima 
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After the minima are found, the least square method of data fitting is used to 
fit the polynomials through the minima. For this the application uses the 
amount of samples set in the product type specific settings. The base line is 
then calculated through the global minima of these two polynomials (Figure 
8). 
 
FIGURE 8. Fitting polynomials at the boundaries and calculate the base line 
The spectrum is, once again, leveled using the base line calculated above. 
Excess data is removed from the spectra resulting in a peak usable for 
further handling (Figure 9). 
 
FIGURE 9. Removing the portion of the spectrum below the base line 
Bypassing the 546 nm side-peak and defining the top area is done by 
averaging the spectrum and finding on the right side of the peak a 
wavelength, where the intensity value correlates with the intensity on the left 
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side. Starting at the user defined wavelength, which was to be set between 
the 546 nm side-peak and the actual top area of the spectrum, the average 
for every point is calculated, point by point, using equation 1. The calculation 
is continued until the slope is declining and the calculated average is equal to 
or smaller than the first average. The block diagram for this paragraph is 
shown in Figure 10. 

 


0
0
2
2
0
( )
( )
n
i
n
i i
y i
y i
n
  EQUATION 1 
where y = intensity, n = the amount of samples, i = the index number and i0 = 
the index number of the average being calculated. 
In arrays i is the index number for a certain wavelength so that n is the real 
amount of samples. The index numbers have to be interpolated within the 
array to return the wavelengths and intensities. An example of the average 
calculations, which define the beginning and ending points of the area for the 
next step, is shown in Figure 11.  
 
 
FIGURE 10. The block diagram of the average calculation 
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FIGURE 11.Calculating the average 
After determining the limits for the actual top area of the peak, the least 
square method can be used to approximate the spectrum (Figure 12). The 
maximum of this polynomial is used to determine the height, half height and 
thus the locations for the side polynomials (Figure 13). 
 
FIGURE 12. Fitting a polynomial between those two points found before and 
seeking the maximum 
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FIGURE 13. Dividing the height by two, and fitting polynomials on the sides 
of the peak at the half height 
In Figure 14 most of the process is drawn on a single graph providing an 
easy way to determine if there are harsh miscalculations or problems with 
the algorithm. Figure 15 is the wanted end result of this VI, and is passed on 
to another VI for calculating the pressure and arc gap. This algorithm itself 
needs milliseconds only from start to end. 
 
FIGURE 14. Algorithm applied: peak width at half height 
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FIGURE 15. The numeric result of the algorithm 
6.2 Checksum-controlled critical files 
The checksums are calculated using the MD5-algorithm. Then the checksum 
is saved in a file called "Settings\checksums.ini" (Figure 16), which is hard 
coded in the application. The directory of the file for which the checksum has 
been calculated for serves as an ini-file "section", and the filename itself as 
the key. The checksum is the value for that key, and it is expressed as a 32-
digit hexadecimal string. To prevent the checksums.ini itself from being 
altered, it is protected with hash and length –information, under the section 
”Checksum”. 
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FIGURE 16. An example of the contents of the checksums.ini 
The "checksum.ini" is processed thoroughly at the startup of the application. 
All the checksums for section+"\"+key (which corresponds to file path + 
filename) are calculated and compared to the stored checksum. If any 
difference is found or if the .ini itself has been modified, the user is presented 
with an error popup (with a list of the files which failed the check, Figure 17) 
and the startup of the program is prevented. The user has the option to exit 
or to let the application calculate new checksums after inputting a Quality 
Engineer or an Administrator –level password (Figures 18-20). If all of the 
files pass the test, no output is given to the user. 
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FIGURE 17. Error pop-up preventing the startup of the application 
 
FIGURE 18. Logged in as an administrator 
 
FIGURE 19. Fixed checksums.ini self check 
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FIGURE 20. Also MD5’s checked, everything is fine and ready to continue 
If not specially configured, the application keeps track of the human-readable 
"Settings\MachineSettings\System Settings.ini", UserList.pwl and the product 
types, which are .txt. Their checksums are calculated always when saving 
the modified settings (for which you need special privileges). 
 
If desired, the user is presented a panel in where he/she can choose the files 
on the computer to protect with the checksum (Figures 21-23). The 
recommendable files to protect would be some of which WinSpec uses. 
 
FIGURE 21. The front panel of the checksums.vi 
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FIGURE 22. Choosing the files to add under control 
 
FIGURE 23. Front panel after adding the files 
  
 31 
 
Also, mostly for debugging, the user is presented the tab ”Self Protection”, 
which explains the reason why a file has not passed the check. This can be 
checked without altering the checksums.ini by fixing its own checksum 
protection. (Figure 24.) 
 
FIGURE 24. Checksums front panel, Self Protection tab 
The format of checksums.ini is: 
[File path] 
Filename = "MD5-string" 
Filename_2 = "MD5-string_2" 
[Some other path] 
File_in_another_path = "MD5-string_3" 
[Checksum] 
Checksum.Checksum = "hex" 
Checksum.Length = integer 
The template was used in non-standard ways to accomplish this method of 
checksum protection. The InitApplication.vi, which initializes all the directory 
variables and loads the settings, is called from Main.vi before the other VIs 
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start. It was modified to hold the case ”Checksums” (Figure 25), which is 
situated between the cases ”Init” and ”Load settings”. 
 
FIGURE 25. The contents of the ”Checksums” case in InitApplication.vi 
The popup, which the case produces if there is a trouble with the checksums 
(Figure 17), does not correlate either with the usual ways of working with the 
framework. To prevent the application from starting while erroneous, it was 
quite necessary to implement it this way, and it was approved by the 
supervisor of the project at GTD. 
6.3 Logging 
US specified the logging to be done in the D: -partition, which is a small 
exception to the template. By default the template logs to the same partition 
where the application is situated, under the directory Application name 
Application description - Log, and there forms directories based on the 
current date (e.g. 20110501). In this application the logging is done in D:\pHg 
measuring Online stand - Log\ and divided into directories based on the 
ongoing year and week number (e.g. 2011, week 17). The spectrum for 
every measurement is logged as TDMS, resulting in two files for a 
measurement, which could mean thousands of files in an hour. Therefore, 
every week is divided to weekdays to prevent the directories for spectra to 
become too clogged up. 
Human readability without extra software was required for the log files which 
included the conditions for every measurement and the results of the 
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measurements taken. To accomplish this, the text file is tab delimited and 
may use multiple consecutive delimiters to keep the columns aligned. This 
was however implemented so that the log file format could follow the 
standard, which in practice means that no consecutive delimiters are used by 
default. If those are wanted, the project owner is able to change the Boolean 
parameter of “Consecutive delimiters allowed?” input to TRUE in 
DFM_Measurement.vi. 
If consecutive delimiters are used, it should be taken into account that 
Microsoft Notepad uses a tab size of eight characters, so if reading the log 
file in another text editor or viewer the tab size should be set to be the same. 
If using the log file in a spreadsheet, it should be imported with the parameter 
“Treat consecutive delimiters as one” to get the formatting right. 
According to the user specification, automatic deletion of log files older than 
28 days was required. The panel for logging has the option to define the 
amount of days after which the log files are deleted (Figure 26). Deleting can 
be done manually from the panel or automatically while the application is 
idling, but not while there are ongoing measurements. 
 
FIGURE 26. The front panel for log file deletion 
6.4 Daily calibration of the halogen burner 
The daily calibration was, for most of the parts required by this project, 
already done in the bromine measuring application. The stabilization time as 
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well as the limits for differences in the spectrum compared to the reference 
spectrum can be set in the system settings by an administrator or a quality 
engineer. By pressing the “Use as ref”-button the measured spectrum are 
saved as a reference and used as one in the later calibrations, too. 
6.5 Shutter offset 
WinSpec handles the settings of the camera and thus has the parameter to 
control the shutter offset as well. The parameter for the shutter offset from 
the system settings is passed to the WinSpec among other parameters. 
6.6 Product definitions 
Adding and modifying the product definitions was also developed for the 
bromine measuring application, but for measuring the mercury vapor 
pressure major alterations had to be made. Many of the parameters were 
obsolete in this system. 
In the Info and variables section one has the option to write a comment to 
describe the product and alter the results which are sent to the Circle 
software. There are slight variations in the results between the three 
production lines, and the Gain and Offset can be used to correct the 
pressure measurement. Both the original and manipulated pressure result 
are still be logged. (Figure 27.) 
Power is the amount of watts the burner uses. Voltage TEMP is used only for 
simulations. Simulating the voltage input uses the parameter given here as 
an average and alters it randomly by a few volts in both directions. 
Meting has the settings for WinSpec. They are sent as a configuration to the 
WinSpec when measuring automatically. 
Piek detectie –settings are for the peak width measuring algorithm. Seek 
area start and Seek area end define the boundary wavelengths where the 
actual mercury peak of interest is within. Search for top is a single 
wavelength between the 546 nm side-peak and the top of the peak. It should 
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be situated on an inclining part of the spectrum (Figure 28). Amount of 
samples base is the amount of samples used when calculating the 
polynomials for the endings of the baseline. Amount of samples side is for 
the polynomials in the sides of the peak. Amount of samples for top avg is 
the amount of samples taken into account when calculating an average 
intensity for every point in the top area of the peak (the red thick curve 
represents the averaged spectrum in Figure 28). 
 
FIGURE 27. Product definition (parameters for a product) 
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FIGURE 28. The point to start looking for the top area of the peak, marked by 
a yellow arrow 
A last minute addition to the application was considered important since the 
PLC reports the product types to the application before the measurements 
are done. The corresponding product definition settings were made to load 
automatically. This enables for easier testing of different settings for different 
product types and makes it more effortless to add new product types. 
6.7 System settings 
The system settings window is based on the bromine measuring application, 
and consists mostly of WinSpec related settings. There are Boolean switches 
if, for example, voltage or PLC simulation is desired, or for switching PLC 
communication off. In addition, there are the limits for the daily lamp check. 
6.8 Measuring buffer 
For calculating the pressure inside a burner, two measurements have to be 
taken. The measuring unit is a rotating device with 32 holders, each 
containing one burner. Unit rotates one position at a time to provide the 
burners a warming up time and to accomplish the needed measurements – 
unit first acquires the spectrum of a burner and on the next position it 
measures the voltage of the burner with the Fluke multimeter. The voltage is 
needed for calculating the pressure inside a burner, and since both of these 
measurements are done simultaneously, but for successive burners, a buffer 
to store the spectrum and the needed values for a burner are necessary. 
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This is accomplished by a functional global variable 
DATA_AllTheResults_gli.vi. It comprises of two uninitialized (except for the 
case Init, which is called only when going to the Auto-mode) shift registers 
and the methods to in- and output needed variables. One of the registers (let 
us call it X) holds the spectrum and other data from the previous run, and in 
the ongoing run that data is completed with voltage, pressure and arc gap 
info. Then it is sent to the PLC (and through PLC to Circle), and the data 
from the other register, Y, (with the spectrum etc from the ongoing run, from 
another burner) is moved to X, clearing the old, already sent, data. 
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7 RESULTS AND SUMMARY 
The goal of the project was to replace an old measuring software with a new 
one based on a standard template, with an improved algorithm and a few 
other features. This was achieved as wished. 
Because of the size of the project and the requirement of individual theses, 
the actual development of the project was divided into two distinct parts. This 
in itself requires much effort in communicating and constant discussions 
since even the methods of transferring information from one VI to another 
should be agreed upon on the beginning of the development to avoid wasted 
working hours. 
Weekly meetings with the client were arranged to keep track of the progress, 
to overcome possible problems and to analyze all the potential risks on the 
project. In addition, occasional meetings were organized with the stake 
holders, for example with Toon Raes, the coach at software development, 
Geert van Baelen and Yves Casteels, the supervisors in the DPL and the 
machine owner etc. 
In spite of the meetings and necessary communication the development itself 
was mainly about pondering the smartest ways to achieve the wanted goal, 
using the available resources, which usually came to skills on thinking in the 
LabVIEW-way. In addition, scheduling the development, testing and 
documenting was also, at the beginning, quite a time-consuming task. 
Long hours were required towards the deadline to accommodate all the test 
runs and modifications in the code. Additional tests were needed to find the 
correlations and deviations between the measurements in the old and new 
software. As of writing this thesis, the new application is running on all three 
production lines non-stop. 
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APPENDICES 
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